During the years 1942 through 1945 the author was given the assignment of directing a research program on fat formation in yeast. The work resulted in the first full-scale production of a fat-enriched yeast from sulfite liquor in 1944, and a summary of the data obtained was published (Schulze, 1951) . The yeast was being produced at one of the largest paper mills in Germany. The process used was aerobic fernentation on a continuous flow basis, very similar to the process now used at several factories in the United States.
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Recently, methods of mathematical treatment of continuous flow operation have been developed. We have applied the mathematical approach to the data obtained on the production of high-fat yeast from sulfite liquor. The results are presented in this paper.
MATERIALS AND METHODS
The sulfite liquor was prepared by removing most of the free SO2, adjusting the pH by mixing with lime, and adding nutrient salts, mainly liquid ammonia, ammonium biphosphate, and potassium chloride. The nitrogen level was kept at approximately 900 ppm and the phosphate level at 700 to 800 ppm as P205. The reducing sugar, as measured by the Bertrand method, ranged from 3 to 4 per cent.
In the production phase, the prepared sulfite liquor is fed at a continuous rate into the aeration tank where the yeast is propagated. The Garrett and Sawyer (1952) figure  2 , these data are plotted to show the relationship between the rate of phosphate supply and the reproduction rate K.
Even though the experimental values are scattered due to the many factors which had to be controlled simultaneously, it can be seen that no direct proportionality exists. The curve is similar to an adsorption or saturation curve. The increase in K, the reproduction rate, is determined by the phosphorus concentration gradient, in other words by the difference between a saturation value and the concentration X at a given point. When the concentration gradient is great, a small increase in the phosphate supply produces a large increase in the growth rate. But from 56 per cent relative phosphate supply on, K becomes practically independent and stays at the same level. Bearing in mind, that up to this rate of phosphate supply we are actually dealing with increasing phosphorus concentrations in the cells, it can be concluded that this curve illustrates the relationship between the rate of cell growth and the phosphorus concentration in the cell. Table 2 shows the influence of the phosphate supply on the fat formation. It is quite apparent that a high phosphate supply results in a yeast which is rich in protein and low in fat. With decreasing phosphate supply, the balance between these two cell constituents tends to become reversed: The fat increases and the protein decreases. That a balance between protein and fat exists is shown in column 4. The sum of the two components remains at an average of about 54 per cent throughout the experiment.
DISCUSSION
In summing up, it can be said that by a controlled phosphate dosage in an aerobic continuous flow process it is possible to control the phosphorus concentration in the yeast cells. Apparently, there exists a definite lower and upper limit as to the amount of phosphorus yeast cells are able to accumulate. In the case investigated, the lower limit was 0.5 per cent and the upper limit 5.2 per cent, measured as P205 on a dry-weight basis. The concentration of phosphorus in the cells has a deciding influence on the rate of carbohydrate assimilation, the rate of reproduction, and the protein and fat metabolism. At high phosphorus levels (4 to 5 per cent P205), the cells reproduce fast and are rich in protein and low in fat. At low phosphorus levels the rate of carbohydrate assimilation and the growth rate are also low. Simultaneously the balance between protein and fat synthesis is shifted towards the synthesis of fat.
That a decrease in phosphate supply stimulates fat synthesis has been confirmed for several other microorganisms. Thus Fusarium sp. increased its fat content from 7.6 to 46.8 per cent in correlation with a decrease from 1.5 g KH2PO4 per L nutrient solution to 0.15 g KH2PO4 (K. L. Schulze, unpublished data). Pan et al. (1949) found the same type of relationship in Rhodotorula gracilis. The same organism was studied by Nielsen and Nilsson (1953) and Nilsson and Nielsen (1953) with similar results. In addition, their data indicate that nitrogen deficiency produced a higher fat content than lack of phosphate. Lundin (1950) Maas-Forster (1955) showed that by decreasing the phosphate supply, 50 to 60 per cent fat was formed in Endomycopsis. She also observed that the uptake of phosphorus and nitrogen are correlated. Lack of phosphorus resulted in a marked decrease of nitrogen assimilation. On the other hand, if the nitrogen in the nutrient solution was depleted, phosphorus assimilation stopped completely. Apparently, both factors control the amount of protein synthesis. When either one of them is in deficiency, protein synthesis decreases and the excess intermediary products of the carbohydrate metabolism are channelled into fat synthesis.
The relationship between phosphate supply and reproduction rate is actually a relationship between phosphorus concentration in the cells and the reproduction rate K. In general, it has the form of a saturation or adsorption curve. K is proportional to the concentration gradient or the difference between the saturation concentration and the existing concentration of phosphorus in the cells. SUMMARY A mathematical treatment has been employed to evaluate the effect of phosphate supply on the rate of growth and fat formation in yeast when grown on sulfite liquor. The phosphorus concentration in the yeast cells is established by controlling the phosphate concentration of the medium in an aerobic continuous flow process.
At high phosphorus levels, the cells reproduced fast and were rich in protein and low in fat. At low phosphorus levels, the rate of carbohydrate assimilation and the growth rate were also low. Simultaneously the balance between protein and fat synthesis was shifted toward the synthesis of fat.
